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smaller crimp angles [1, 2] , allowing the filaments to immediately carry tensile 10 or compressive loads without first having to straighten.
11
Due to the thinner and wider spread tows, the amount of matrix between 12 the tows of thin-ply fabrics is also very small, resulting in overall composite 
16
In the present work, the effect of tow thickness on the structural response 17 of aerospace-grade spread-tow fabrics was investigated. An experimental test 
29
The characterisation of the 160 g/m 2 and 240 g/m 2 STFs was performed on
30
UD textile laminates with a plain weave (cross-ply) configuration. Two multidi-
31
rectional textile laminates, one of each STF grade, were also designed based on 32 a damage tolerance optimised baseline laminate for aeronautical applications.
33 Table 1 shows the stacking sequences definition. The 0
• orientation is coin- (Table 1) had to be considered.
42
All laminates were prepared for curing in a vacuum bag and cured using an was applied throughout the cure cycle. After curing, each plate was cut to the nominal dimensions of the specimens using a diamond-coated disk. equipped with a 250 kN load cell. The specimens were fixed to the load frame 55 using a bolted clamping rig, and sandpaper was inserted between the specimen 56 surfaces and the grips to improve the load transfer capability and prevent sliding.
57
The compression tests were performed in an Instron 4208 electro-mechanical 58 universal testing machine (load capacity of 300 kN) equipped with a 100 kN 59 load cell at a controlled speed of 0.1 mm/min. 
where the transformation angle θ = θ 0 + ∆θ consists of the initial off-axis angle, 
where of the clamping system with the axis of the testing machine was performed using 120 two guiding pins with a diameter of 6 mm in the ends of the specimens.
121
The guiding holes in the compression specimens 
Fabric compressive unnotched strength test results

210
In the unnotched compression tests, before ultimate failure, modest load 211 drops were observed in both STFs, with a negligible effect on the stiffness of 212 the tested specimens; in some cases, the first load drop was also the peak load. These load drops can be attributed to the development of compressive damage,
214
in the form of kink bands or brittle, shear-driven compressive cracks, which 215 could be observed in the failed specimens after testing (Fig. 4) .
216
Final failure was catastrophic in all specimens, characterised by a total loss of 217 load-carrying capacity (sudden load drop, down to practically zero). However,
218
ultimate failure was not due to the propagation of compressive fibre failure 219 through the thickness of the specimen, but it occurred due to layer splitting 220 along the length of the specimen, induced by localised longitudinal compressive 221 failure of thin sublaminates (see Fig. 4 ). 
222
Off-axis compression test results
235
As suggested by Koerber et al. [6] , the axial stress, σ x , and the axial com-236 pressive strength,σ x , were calculated dividing respectively the load signal and In the 15
• off-axis compression tests, a small nonlinearity before ultimate 
246
Some 15
• off-axis specimens also exhibited a "brush"-like layer splitting failure 247 mode, with no clear longitudinal compressive failure mode. Nevertheless, the 248 different failure modes had no effect on the ultimate failure stress of the 15
off-axis compression tests.
250
The 30
• off-axis compression tests exhibited a marked nonlinear response, velopes of the STFs studied in the present work (Fig. 7) . Hence, the obtained (Fig. 10b) , to 160 g/m 2 , resulting in an improved unnotched response (see Table 6 ). Gauge inates.
334 Table 6 also shows the measured Young's modulus, E x , of both laminates.
335
As can be observed, laminate DTO160 is stiffer than laminate DTO240, which 336 partially explains the higher strength of the former. Nevertheless, the thickness 337 effect is expected to have the largest contribution for this improved strength.
338
It is also interesting to note that the apparent superior longitudinal strength 339 of the 240 g/m 2 STF reported in Sect. 5. splitting caused by buckling of the outer STF layers (Fig. 11) .
355
Laminate DTO160 exhibited a slightly more brittle failure mode, with a 356 more clear through-the-thickness fracture plane, inclined with respect to the 357 mid-plane of the specimen (Fig. 11b) . Delamination between STF layers was 358 absent. In laminate DTO240, on the other hand, a more diffuse fracture re-359 gion was observed, including free-edge delamination along the outer STF layers 360 (Fig. 11a ). 
361
377
All CNT coupons of laminates DTO240 and DTO160 exhibited an approx-
378
imately linear response, with small load drops observed close to the peak load, 379 with no effect on the stiffness of the specimens. These small load drops can 380 be attributed to internal damage growth from the notch tips, which blunted 381 the strain concentration and modified the surface strain fields (Fig. 12) . In 382 laminate DTO240 (Fig. 12a) (Fig. 13a) . On the other hand, failure of laminate DTO160 was characterised 431 predominantly by fibre kinking, which propagated across the ligament section 432 ahead of the notch tips (Fig. 13b) . Clear kink bands formed through the thick-433 ness of the laminate, along a plane inclined with respect to the loading direction.
434
Small longitudinal split cracks at the lateral free edges were also observed is some 435 specimens, due to buckling of the thin outer layers. catastrophic failure of the longitudinal spread-tow yarns (Fig. 14) . In the large
436
455
OHT specimens (Fig. 15) case, notch blunting in laminate DTO160 is not so effective (Fig. 15b) , leading 484 to a notched strength reduction (in the range of 7.3%) with increasing hole di-485 ameter. In laminate DTO240, though, due to its higher susceptibility to develop 486 subcritical damage mechanisms with a significant blunting effect (Fig. 15a) and/or improved compressive behaviour are also to be taken into account. 
OHC test results
496
A linear response was obtained in all OHC specimens of both laminates,
497
which exhibited a catastrophic failure mode, characterised by a steep load drop.
498
Intralaminar compressive damage growth from the vicinity of the hole boundary (Table 7) .
505
After testing, all specimens exhibited a net-section failure mode (Fig. 16) .
506
However, failure of laminate DTO240 was characterised by a complex combina-507 tion of damage mechanisms, including fibre kinking, wedge transverse fracture 508 and surface fibre/matrix splitting caused by buckling of the outer STF layers 509 (Fig 16a) . Failure of laminate DTO160 was dominated by fibre kinking, which 510 propagated across the ligament section ahead of the hole boundary (Fig. 16b) . 
Bearing test results
527
Bolt-bearing tests were performed on laminates DTO240 and DTO160 to 528 assess the effect of tow thickness on the performance of STF mechanically fas- (Figs. 17a and 18a) .
544
It was also noted that the extent of matrix cracking in laminate DTO160 was 545 noticeably lower than in laminate DTO240, indicating that compressive matrix-546 dominated fracture was effectively delayed in the thinner STFs due to an in situ 547 effect in compression [23] .
548
For bearing stresses greater than the initial peak bearing stress, extensive fi-549 bre kinking and shear-driven matrix cracking were observed (Figs. 17b and 18b) .
550
These damage mechanisms were not restricted to the vicinity of the hole edge, Table 8 shows the average test results and respective coefficients of variation 
570
As can be observed, because the governing failure mechanisms were essen-571 tially the same, laminates DTO240 and DTO160 exhibit virtually the same 572 bearing response, independently of the bearing strength definition (Table 8) .
573
The only exception is the average bearing stress for an offset bearing strain of 574 2%, which is 5% higher in laminate DTO160. This can be attributed to the 575 ability of the thinner STF to delay the propagation of compressive subcritical 576 damage mechanisms before severe hole deformation.
577
It is interesting to note that, whereas previous studies [13, 19] 
